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Abstract 
The CAST model was used to simulate soil fertility restoration due to soil organic carbon (SOC) depletion in cultivated 
Mediterranean soils using organic amendments (compost and manure) under different tilling practices. Two cropland fields (35 
years of cultivation) in the Koiliaris CZO (Chania, Crete, Greece) were simulated to reach SOC at such levels that soil functions 
are maintained. Two soil function indicators were used to evaluate restoration of fertility: the SOC/silt+clay ratio with a threshold 
value of 4.5 and the water stable aggregate (WSA) fraction (>250Um) to exceed 60% for the soil to be “agronomically valuable”. 
A mixture of 70% municipal solid waste compost to 30% manure was used as organic amendment and different tilling practices 
(light and intense tilling) were considered to investigate the fertility restoration design as well as the impact of tilling and organic 
amendments on soil structure. 
 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of GES-10. 
Keywords: CAST model, soil organic carbon, soil fertility restoration, soil functions, soil structure 
1. Introduction 
Primary agricultural production had to compensate for the increasing demand due to rapid human population 
growth and increasing standards of living in the developing countries during the last 60 years. Conventional 
agricultural practices applied, especially intense tilling and fertilization have been associated with soil quality 
degradation. Soil organic carbon loss due to the cultivation practices, has strongly affected the fertility of the 
agricultural lands[1]. 
Soil organic matter improves soil physical, chemical and biological properties (soil hydraulic characteristics, 
nutrient content/availability, soil aggregates’ formation, soil biodiversity maintenance). As a result, the incorporation 
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of organic amendments (OA) such as composts, manures, plant residues and biosolids can contribute to soil fertility 
restoration [2,3]. Along with OA application to agricultural soils, more sustainable agricultural practices 
(conservative tilling, no-tilling, crop rotation) can lead to sustaining and increasing SOC content and consequently 
soil fertility [1,2]. 
Stamati et al. [4], conceptualized the relations between SOC and soil structure and developed a coupled carbon, 
aggregation and soil structure turnover model (CAST) which can simulate SOC and structure dynamics. An updated 
version of this model, which incorporates the effect of tilling to soil structure, was used to simulate scenarios of soil 
fertility restoration by organic carbon addition to agricultural fields under different tilling practices. 
2. Methodology 
2.1. Site and Data Description  
Koiliaris river watershed is situated 25km east of Chania (005-12-489E, 039-22-112N) and occupies an area of 
about 130km2. Watershed elevation ranges from 0 to 2041m a.s.l. with slopes ranging from 1-2% in low elevations 
up to 43% (high elevations). Land uses include cropland and pasture (35%), olive and orange groves (32.1%), 
shrubland and brushland (32.3%) and mixed forest (0.6%). The geology of the area consists of Plattenkalk, 
Limestones, calcaric marls, marls, schists and quaternary alluvial deposits [5].  
Two groups of topsoils (10cm) from agricultural fields of the Koiliaris river watershed were used and included 2 
of cropland soils and 1 from a fallow (set-aside) (35 years) field. The fallow soil was assumed to represent the soil 
natural status before cultivation. The two croplands were representative of summer vegetable crop cultivation under 
light (LT) and intense tilling (IT) and they were used to assess the magnitude of soil structure disruption (WSA 
disruption) due to tilling. The fallow and LT calibration data were derived by Stamati et al. [4] and they were used to 
simulate the LT cultivation scenario using the CAST model. The IT scenario included SOC content data from an 
adjacent cropland site also cultivated for 35 years but under more intense tilling. Values for bulk density (BD) and 
silt+clay content were assumed to be similar because data from a field survey of cropland fields (7 samples) in the 
same region showed low variability (BD:1160±40kg/m3 and silt+clay:67.1±12.5%). The soil properties used in the 
simulation scenarios are shown in Table 1. 
 
Table 1. Soil properties used for calibration (soil depth=10cm) 
 
 Silt+clay (%) 
SOC 
(g/kg) 
SOC/ 
(silt+clay) 
Bulk 
Density 
(kg/m3) 
%WSA 
>250Um 
(AC3) 
%WSA 
>53Um 
(AC2) 
%WSA 
<53Um 
 (silt clay 
sized-AC1) 
SOC value 
for 
SOC/(silt+c
lay)=4.5 
(tC/ha) 
SOC value 
for 
SOC/(silt+c
lay)=4.5 
(tC/ha) 
Fallow 
(Intitial Conditions) 
 
67.0 52.7 7.87 1110 68.5 25.9 5.7 - - 
LT (Light tilling 
scenario) 
 
67.0 29.0 4.33 1180 51.7 38.3 10.1 35.6 43.5 
IT (intense tilling 
scenario) 67.0 20.7 3.08 1180 Not available 35.6 43.5 
2.2. Soil quality indicators 
Two soil indicators were used to evaluate restoration of fertility: the SOC/(silt+clay) ratio and WSA (>250Um) 
fraction (AC3). The SOM/(silt+clay) ratio was introduced by Quiroga et al. [6] to assess soil functions and suggests 
that soils with values below the threshold start losing soil functions. Since the Quiroga et al. [6] study used soils with 
low silt+clay content (average=34.3%, min=14.0%, max=67.0%) the proposed threshold of 4.4 is not representative 
for the soils considered in the present study which are characterized by higher silt+clay content. Therefore, we 
adjusted the above mentioned indicator to account for the high silt+clay content (67.1%±12.5%, n=7, data not 
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shown) of the study area. The assumption is that higher silt-clay content would require greater amounts of SOM. The 
resulting threshold value of SOC/(silt+clay) ratio (SOM converted into content of SOC)  was estimated to be 4.5. 
The second soil quality indicator adopted, was the AC3 fraction (WSA>250Um) which was set to 60% or higher. 
This threshold has been used to describe “agronomically valuable” soils [7]. The development of soil function and 
fertility thresholds, require region specific agronomic studies such as that conducted by Quiroga et al. [6] which 
cannot be substituted using assumptions and extrapolations from other regions. Thus, we used the above mentioned 
indicators and suggested thresholds, as a way to illustrate how the CAST model can be used in a sustainability-by-
design mode to assess soil function restoration. 
3. Results and Discussion 
Three simulations were performed to examine the impact of tilling, OA incorporation and the SOC restoration 
after 35 years of cultivation. The OA was assumed to be a mixture of municipal solid waste compost (TOC=22% 
d.w.) and manure (TOC=30% d.w.) in a mass ratio of 70% and 30% respectively. This mixture was used in the 
simulation as carbon input on an annual basis to restore SOC content to meet a SOC/silt+clay threshold of 5.5 which 
was considered as “safety threshold” of soil quality. The safety threshold value of 5.5 is one unit higher than the 4.5 
threshold and corresponds to approximately 20% higher carbon content. Moreover, 0.36tC/ha per year of plant litter 
was assumed to be incorporated in the soil. Fig. 1 shows the severe SOC depletion of both croplands under light and 
intense tilling. The impact of tilling is significant and both indicators of soil fertility adopted in our study 
documented deterioration of soil quality. To compensate for this deterioration, OA incorporation to soil was 
simulated under different tilling intensity, to design the restoration and maintenance of soil fertility.  
3.1. Restoration and maintenance of soil fertility 
The LT data-set was used to calibrate the soil status after 35 years of vegetables cultivation under light tilling. 
Table 1 shows that the SOC/(silt+clay) ratio is 4.33, just below the threshold value of 4.5 and the AC3 WSA are less 
than 60%. These indices imply degraded soil. Simulating soil fertility scenarios, the OA is applied to the soil at  the 
rate of 5tC/ha per year followed by light tilling (after year 35). As it is shown in Fig. 1 (A-a, B-a), after 7 years (42nd 
year) the ratio of SOC/(silt+clay) approaches the “safety threshold” value of 5.5, while the AC3 fraction have 
exceeded (69.7%) the 60% threshold value since the 37th year. To maintain the SOC and AC3 fraction above the 
thresholds for approximately 28years under the same tilling conditions, the input of OA is reduced to 3tC/ha/year. In 
Fig. 2.A, the WSA distribution curves along with the evolution of the different treatments, show improvement of 
soil structure. 
3.2. Impact of tilling 
A simulation was conducted to determine the impact of tilling on soil structure using the same carbon input rate 
(plant litter and OA) and more intensive tilling practice. The low SOC value (26.67tC/ha) at the calibration point 
(Fig 1.A-b), was simulated with disruption parameters values higher than LT (Table 2). In addition to the low SOC 
value, the low SOC/silt+clay ratio (3.08) (Fig 1.A-b) and low AC3 fraction (29.9%) at the 35th  year  shows that the 
carbon input to soil, at same rates as the previous scenario, is not sufficient to compensate the SOC loss and soil 
structure deterioration. However, OA incorporation to the soil increased the AC3 distribution (Fig. 1.B-b) improving 
the macro-aggregates’ distribution to soil (Fig. 2.B). 
3.3. Impact of carbon amendment 
At the calibration point of 35 years, after the IT practice scenario, carbon amendment mixture of compost and 
manure is applied in order to restore SOC. The application that meets the standards uses 12tC/ha per year for 7 years 
(42nd year) and the maintenance of SOC and AC3 aggregate fraction above the thresholds for approximately 28years 
(Fig. 1.C-a, C-b), is achieved by an input of OA equal to 7tC/ha per year. In Fig. 2.C, the WSA distribution shows 
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significant improvement of soil structure. Increased carbon input can compensate for carbon losses due to intense 
tilling but carbon needs are more than 100% compared to the light tilling. 
 
Fig. 1. Evolution of SOC content (A-a,b,c) and WSA distribution (B-a,b,c) simulated by the CAST model. The OA incorporation begins in the 
35th year and the maintenance period begins in the 42nd year. “Restoration and maintenance of soil fertility” (A-a and B-a): Total SOC and carbon 
pools in WSA fractions (AC153Um, AC2>53Um, AC3250Um) with calibration points under light tilling (LT). “Impact of tilling”: SOC 
evolution of LT and IT (A-b) scenarios and WSA distribution of IT (B-b). “Impact of carbon amendment”: Total SOC evolution of IT after 
carbon amendment and maintenance period (A-c), WSA distribution of IT with carbon amendment (B-c). 
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Fig. 2. Cumulative WSA size distribution among initial (blue line), calibration (red line) and the end of simulation period (green line), of the 3 
simulations (A: Restoration and maintenance of soil fertility; B: Impact of tilling; C: Impact of carbon amendment).  
 
Table 2.  Aggregate disruption parameters of CAST model under tilling conditions. 
 LT IT 
Fraction of the fDPM+cDPM within AC3 aggregate to the AC3 aggregate type, below which macro-aggregates are 
considered unstable
0.01 0.032
Fraction of the fDPM+cDPM within micro-aggregates (AC2 within AC3) below which macro-aggregates are considered 
unstable
0.01 0.032
Fraction of the fDPM+cDPM within micro-aggregates (AC2) below which macro-aggregates are considered unstable 0.001 0.0032
4. Conclusions 
The results suggest that the CAST model could be used as a tool to design sustainable agricultural practices for 
soil fertility restoration. The simulations performed illustrated the ability of the CAST model to design the 
restoration of SOC after 35 years of cultivation retaining the same tilling practices and only adding organic 
amendments. The “safety threshold” value of 5.5 for SOC/(silt+clay) was achieved with increased input rate of OA. 
Moreover, the effect of tilling was successfully simulated by increasing the aggregate disruption parameters of 
CAST model (Table 2). The model should be also used to simulate data from long term field manipulation 
experiments conducted at different climatic regions in order to be validated as a tool for the design of sustainable 
agricultural practices. 
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